ABA3 is a recently discovered plant hormone which, when applied to plant tissues, resalts in a number of physiological responses including leaf abscission, growth inhibition, and a variety of events indicative of senescence (1). Although its mode of action is not understood, there have been several reports that ABA affects nucleic acid metabolism. Van Overbeek et al. (14) reported that in Lemna abscisic acid inhibits growth and nucleic acid synthesis, particularly DNA, and that benzyladenine reverses these inhibitions. Villiers has shown that ABA inhibits uridine and thymidine incorporation into nucleic acids of Fraxinus embryos (15). Pearson and Wareing found that ABA inhibited 32p incorporation into radish hypocotyl RNA and that UMP incorporation by an RNA polymerase system in vitro was inhibited if the chromatin was isolated in the presence of ABA (9). Wareing et al. have reported that ABA inhibited the incorporation of 32p into all fractions of RNA in mature radish leaves (19). Chrispeels and Varner were unable to detect an inhibition of RNA synthesis by barley aleurone layers, although the development of a-amylase activity was inhibited (4). They suggested, however, that ABA might inhibit the synthesis of specific RNA fractions, based on its similarity to several base analogues in inhibiting the development of a-amylase activity.
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We had previously reported that ABA did not affect the incorporation of either 23p or 14C-uracil into nucleic acids of excised embryonic axes prior to the initiation of cell elongation (17) . However, ABA does inhibit the subsequent growth of excised axes, and zeatin partially reverses this inhibition. Therefore, we have extended our experiments to the period in which axes are undergoing cell elongation, measuring the effects of ABA on 32p incorporation into nucleic acids in the presence and absence of zeatin and 5-FU, and comparing the kinetics of growth inhibition by ABA, CH, and 8-AZA.
MATERIALS AND METHODS
Axes were excised from the dry seed of Phaseolus vulgaris L. (var. White Marrowfat) and incubated in 2 ml of solution in 50-ml Erlenmeyer flasks which were shaken in a Dubnoff metabolic incubator at 27°.
32p Incorporation and Nucleic Acid Extraction. Approximately 100 mg of excised axes per flask were incubated for 10 hr in a sterile solution containing 0.01 M HEPES, pH 7.0, and 100 ,ug of chloramphenicol. Where applicable, the solutions also contained various test compounds. At the end of the 10th hr of incubation the axes were transferred to flasks containing the above plus 200 ,uc of H332PO4. The axes were incubated for an additional 2 hr at which time their nucleic acids were extracted with tris-phenolsodium lauryl sulfate (3) and purified with cetyltrimethylammonium bromide (10) . Plating of the homogenates showed that under the conditions of the experiments bacterial contamination was less than 103/g of tissue, fresh weight.
Chromatography on MAK Columns. The nucleic acids were fractionated on MAK columns (12) with a linear gradient of from 0.4 to 1.3 M NaCl in 0.05 M KPO4, pH 6.7. At the end of the salt elution the remaining radioactive material was removed with 1.5 M HN40H. After the OD260m, was determined for the 4-ml fractions, 200 Mug of carrier DNA were added, and the nucleic acids were precipitated with trichloroacetic acid. The precipitates were collected on glass-fiber filters and dried, and the radioactivity was determined with a liquid scintillation counter.
Amino Acid Incorporation. homogenized in 0.05 M tris-Cl, pH 7.5, which contained 0.01 M non radioactive leucine when labeled leucine was tested. The homogenates were centrifuged at 10OOg for 5 min, the pellet discarded, and the supernatant treated with trichloroacetic acid. Aliquots of the trichloroacetic acid-soluble supernatant were mixed with Bio-Solv (Beckman Instruments), added to toluene, and counted with a liquid scintillation counter. The acid-insoluble precipitate was rinsed with trichloroacetic acid, and then heated for 15 min at 900 in 5% trichloroacetic acid. The resulting pellet was solubilized with Soluene 100 (Packard Instrument Co.), added to toluene, and counted with a liquid scintillation counter.
Zeatin was synthesized by the procedure of Shaw et al. (11) and RS-ABA by the procedure of Cornforth et al. (5) .
RESULTS
At a concentration of 8 X 10-M, ABA inhibits the fresh weight increase of axes by approximately 70% when added at the beginning of imbibition (Table I) . MAK column fractionation of nucleic acids from axes given this treatment indicates that ABA has caused a reduced incorporation of 82p into nucleic acids even when the results are normalized for the differences in 82p uptake ( Fig. 1 A, B) . There is a significant reduction of incorporation into fractions containing t-RNA, DNA, and ribosomal RNA, but not into the tenaciously bound fraction.
We had previously found that 5-FU affects 32p incorporation into nucleic acids in a manner similar to that seen here for ABA, but that 5-FU does not inhibit axis growth (18) . Because of the similarity of effects on incorporation of 32p into nucleic acids with the different effects on growth, it was of interest to compare the MAK profiles obtained with nucleic acids from axes treated with 5-FU alone and with 5-FU plus ABA to see if ABA would have an additional inhibitory effect on 32p incorporation. Figure  1C shows the elution profile obtained with the nucleic acids from axes treated with 2 X 10-' M 5-FU. Incorporation into fractions containing ribosomal RNA and DNA is almost completely inhibited with a lesser but strong inhibition of incorporation into t-RNA fractions. The major salt-elutable fraction is removed from the column after the bulk of the ribosomal RNA. The addition of ABA to 5-FU in the incubation medium has relatively little additional effect on 32p incorporation if the results are normalized for differences in uptake, although there is an indication of additional inhibition of 32p incorporation into the fractions eluted from the column in the t-RNA region (Fig. ID) . The addition of ABA to 5-FU, however, does cause an inhibition of growth equal to that obtained with ABA alone (Table I) . Zeatin partially reverses the growth inhibition caused by ABA (Tables I, II ). The extent of reversal is somewhat variable, but we have never observed more than about a 50% reversal. The concentration of ABA used and consequently the growth inhibition do not appear to have a major effect on the maximum amount of reversal (Table II) .
In order to determine if zeatin has an effect on 32p incorporation into nucleic acids, axes were treated with either 5-FU and zeatin or 5-FU, zeatin, and ABA. Figures IE and F compare the elution profiles obtained for these two treatments. Zeatin (1.5 x 10-6 M) appears to have a slightly stimulatory effect on the major saltelutable fraction compared with the results obtained with 5-FU alone. Neither incorporation into the other fractions nor growth appear to be significantly affected by zeatin. With the addition of ABA the slight stimulation of incorporation into the major saltelutable fraction is eliminated, and the elution profile does not appear to differ significantly from that obtained when the axes are incubated with ABA and 5-FU.
The results of a kinetic study of growth inhibition by 1.9 x 10-5 M ABA, 1.8 X 10-5 M CH, and 2.5 X 10-' M 8-AZA when added after growth has begun are shown in Figure 2 . The inhibition by 8-AZA lagged behind that of eithr ABA or CH, producing a 50%O reduction in the growth rate after approximately 3 hr compared with 1.5 hr for the other two. Both CH and 8-AZA inhibited growth by more than 95 % when added at the beginning of imbibition while the ABA inhibition was approximately 80% (Table III) . The effects of either ABA, CH, or 8-AZA on the incorporation of '4C-leucine into protein during the 2nd hr of treatment are shown in Table IV . CH inhibits incorporation by 98% while ABA and 8-AZA inhibit by 22 and 26%, respectively. Since ABA-treated axes had a lower total uptake of '4C-leucine than the controls, it seemed possible that the reduced incorporation might have been due to a slower uptake. control and ABA-treated axes were incubated under the same conditions in 14C-a-aminoisobutyric acid, a non metabolized amino acid with a mode of uptake presumably similar to that of amino acids incorporated into protein (8) . The reduced uptake of 14C-a-aminoisobutyric acid by the ABA-treated axes (Table IV) suggests that at least part of the reduced 14C-leucine incorporation is not attributable to decreased protein synthesis.
DISCUSSION
The addition of ABA to excised bean axes appears to inhibit the incorporation of 32p into various nucleic acid fiactions, as has been reported for Lemna, Fraxinus seeds, and radish leaves (14, 15, 19) . These results differ from those we had obtained earlier in which ABA had no apparent effect on 3p incorporation into axis nucleic acids (17) . The current study differs from our previous work in that the exposure to ABA is now longer (12 vs. 5 hr) and the treatment in the previous work was prior to the initiation of axis elongation. Since the incorporation of 32p into nucleic acids during the period prior to the initiation of elongation is relatively low, it is possible that a small inhibitory effect of ABA might be difficult to measure. Wareing et al. (19) Presumably, the almost complete inhibition of the growth of the axes when CH or 8-AZA is added at the beginning of imbibition is due to the requirements for synthesis of proteins and nucleic acid species, respectively, prior to the initiation of elongation (18) . The inhibition of growth noted when these compounds are added to axes in which elongation has already begun suggests the turnover of these required species. Since ABA inhibits growth more rapidly than 8-AZA, it is possible that ABA may have modes of action in addition to whatever role it may play in affecting the synthesis of specific nucleic acid species. One possible effect of ABA might be at the level of translation, where it could alter the rate of synthesis of selected proteins, since it is clear that the growth inhibition is not due to a general inhibition of axis protein synthesis. Gayler and Glasziou have recently suggested that ABA action is subsequent to RNA synthesis, on the basis of the results they have obtained with ABA and 6-methylpurine on the development of invertase activity in sugar cane (6) . These results differ from those reported by Chrispeels and Varner for the ABA effect on a-amylase synthesis in barley aleurone layers (4) . However, the differences in the types of tissue used and the parameters measured allow us to conclude only that ABA may have more than one mode of action.
